Introduction
I t is found with many complexes, as well as simple ions, th at E 1/2 values are shifted to more positive values when the tem perature is raised. Such behaviour is indicative of easier reduction and an increased degree of reversibility of an electrode process at the elevated tem perature1. From the references available2-6 it is evident th a t though tem perature plays an im portant role in the polaro graphic studies yet the fact remains th a t most of the studies undertaken in this respect have been confined to the determination of tem perature coefficients of diffusion current and diffusion coeffi cient and no sufficient data are available to throw light on the effect of tem perature on the kinetics of the totally irreversible7 and quasi-reversible8-11 electrode processes.
However, a few studies12-14 have been reported on the variation of kinetic parameters with tem perature. W ith increase of reversibility of electrode processes the rate constant (kf, h° or ks,h) should record an increase and this is often the case with studies reported. By virtue of its definition15, a (in case of quasi-reversible systems where it is possible to calculate it by G e l l i n g s ' m ethod11) or the product a n a, provided 'n 'a, the number of R equests for reprints should be sen t to Dr. M. S i n g h , Sapru H ostel, Agra College, A gra-282002, India.
electrons involved in the rate determining step remains unchanged with temperature, should also increase with the push towards reversibility. Howrever, several studies reported (I.e.12-14) lack in establishing this synchronisation. The present study is aimed to probe into this aspect and our results are in total agreement with the theory.
Materials and Methods
All the chemicals used were either A. R., B. D. H. or E. Merck, G. R. products. Stock solutions of Ni(NÜ3)2, Co(N0 3 )2, ZnCl2 and MnCk were prepared in conductivity water. The concentration of each of the depolarizers in the final solution to be polarographed was m aintained a t 1.0 X 10-3 M. KNO3 (0.1 M) was used as the supporting electrolyte in all the cases. The polarograms of the solutions at different tem peratures ranging from 15 to 55 °C, were obtained using a manual polarograph (Toshniwal CLo2) in conjunction with a polyflex galvano meter (Toshniwal, P L 50). Purified hydrogen was used for removing dissolved oxygen. The potentials were measured against a saturated calomel electrode (S. C. E.). Triton X-100 (0.002%) was used as the maxima suppressor in all the cases except Zn(II) which did not produce maxima under the experi mental conditions. Table I) .
Determination of Activation Energy of Totally Irreversible Electrode Processes
The activation energy for an irreversible electrode process depends on potential17. V l c e k 18 has proposed a simple polarographic m ethod for determining the activation energy. This requires measurement of the change in current with tem perature, from which the activation energy (Q) is determined from the dependence of log i/(id-i) on 1/T (Fig. 1) .
The equation proposed by V l c e k for computing the activation energy of the electrode processes is based on the equation for an irreversible polaro graphic wave and also on the assumption th a t the rate constant of the electrode process satisfies the A r r h e n i u s equations.
The equation is expressed a s :
where A' is the "apparent frequency factor," Qd is the activation energy of diffusion. From equation (1) it is clear th a t the value of ( Q -Q d / 2 ) can be directly evaluated graphically from the dependence of log i/(id-i) on 1/T (Fig. 1) . However, in calculating the value of Q the value of Qd m ust be known independently. This value can be determined from the dependence of the 
F ig. 2. V ariation o f log id w ith 1/T. O for N i(II),
X for Co(II).
Results and Discussion
The reduction of Ni(Il), Co(II), Zn(II) and Mn(II) is diffusion controlled a t all tem peratures as evidenced by the linearity of id vs \ h plots.
The values of the kinetic parameters (ana and kf,h°) for the totally irreversible reduction of Ni(II) and Co(II) a t different temperatures have been listed in Table II . From this table it is evident th at the value of the product 'an a' records an increase with increasing temperature. The reduction of Ni(II) and Co(II) is a well established 2-electron process and therefore 'na\ the number of electrons involved Table II in the rate determining step can either be 1 or 2.
Since the increase in a n a' values is indiscrete and a t no stage the two consecutive values vary by a factor of 2, the possibility of increase in the value of the product, £a n a' due to a change in £na' may be ruled out. Thus, it can be concluded th a t it is the 'a ' which is increasing. An increase in the value of 'a implies th a t the transfer of electron/electrons is made increasingly easier at elevated temperatures. In other words the electrode reaction of Ni(II) and Co(II) is rendered increasingly less irreversible as the tem perature is increased. The value of kf,h° also increases as the tem perature is increased thereby indicating th a t the electrode reaction of Ni(II) and Co(II) becomes less irreversible with the increase in tem perature. The shift in E 1/2 to more positive values (Table I ) lends support to the above conclu sions.
In Table III , the values of the kinetic parameters ('a ' and ks,h) for the quasi-reversible reduction of Zn(II) and Mn(II) at different temperatures have been listed. Here also 'a and kS)h increase as the tem perature increases thereby suggesting th a t the electrode reaction of Zn(II) and Mn(II) tends towards reversibility as the tem perature is in creased. From the dependence of log i/(id-i) on 1/T (Fig. 1) , the values of activation energy (Q) at different potentials (lying between the foot and the plateau of the wave) for the totally irreversible electrods processes of Ni(II) and Co(II) have been calculated and are listed in Table IV Thanks are due to Dr. S. N. D u b e y , Principal, Agra College, Agra, for providing necessary facilities and also to U. G. C. for the award of a contingency grant to one of them (M. S.).
